The western fanshell, Cyprogenia aberti, occurs in the Central Highlands region of North America and is the only congener of the federally endangered fanshell, C. stegaria. Due to a reduction in range size and local extirpations, extant populations of C. aberti have become increasingly isolated. Consequently, C. aberti has been the focus of numerous conservation efforts, yet no work has examined the degree of genetic variation among the species' disjunct populations. Phylogenetic analyses of nucleotide sequences from two mitochondrial gene portions (CO1 and ND1) revealed results important to the conservation management of C. aberti. First, phylogenetic analyses do not support a monophyletic C. aberti. Second, C. aberti is comprised of as many as five independent lineages, one of which includes the federally endangered C. stegaria. Third, analysis recovered two genetically distinct sympatric lineages of C. aberti in the Ouachita River Drainage. These phylogenetic results suggest that the five distinct evolutionary lineages of C. aberti should be managed as separate conservation units. This study illustrates why it is critical to evaluate genetic variability in endangered and threatened 'species' prior to implementing a recovery program. These data also reveal the value of assessing biological diversity of nonimperiled taxa before populations are extirpated and valuable genetic data necessary for reconstruction of evolutionary relationships is lost.
INTRODUCTION
Accurate identification of biological diversity is the critical first step in the conservation of imperiled species. To reach this goal, molecular phylogenetics can be used to identify evolutionary lineages and reconstruct their genealogical relationships. Such information reveals natural groups that can then be managed as separate conservation units to preserve their genetic integrity and evolutionary potential. This is especially important for conservation plans that will include population augmentation via captive breeding or translocation to accurately identify variation across the natural groups. Augmentation programs that do not consider the genetic variation of taxa may have unintended negative effects (Lydeard & Roe, 1998) . Mixing of breeding stock from genetically distinct populations has the potential to result in outbreeding depression and loss of co-adaptive gene complexes (Templeton, 1986) , while failure to augment a population with a suitable number of genetically diverse individuals can result in a genetic bottleneck and the loss of valuable natural variation (Avise, 1989) .
There is a growing need to correctly identify the biological diversity and natural groups of North American freshwater mussels in the family Unionidae as the group is experiencing an alarming decline in the numbers of individuals and extirpation due to anthropomorphic impacts on their riverine environments (Neves et al., 1997; Brim-Box & Mossa, 1999; Vaughn & Taylor, 1999) . Previously, conservation workers have relied on a traditional, nonphylogenetically-based taxonomy to define species, because there have been few phylogenetic studies of unionids. However, several recent studies (Liu, Mitton & Herrmann, 1996a; Mulvey et al., 1997; Roe & Lydeard, 1998a, b; King et al., 1999; Lydeard, Minton & Williams, 2000; Turner et al., 2000; Roe, Hartfield & Lydeard, 2001; Serb, Buhay & Lydeard, 2003) have illustrated the limitations of conventional morphological taxonomy on organisms with few discrete morphological characters, which may be misleading when identifying natural taxa, biological diversity, or evolutionary relationships.
The western fanshell, Cyprogenia aberti (Conrad, 1850) , is the only congener of the federally endangered C. stegaria (Rafinesque, 1820) (U.S. Fish and Wildlife Service, 1990) . These two species occur in the Central Highlands of North America: C. aberti is found in the Ozark and the Ouachita mountain ranges of the Interior Highlands west of the Mississippi River and C. stegaria in the Eastern Highlands east of the Mississippi River. The Central Highlands are drained by high-gradient, clear streams and are isolated by low-gradient habitats that are typically silt-loaded. For example, rivers of the Ozark and Ouachita mountains are separated by the Arkansas River floodplain. The two Highland provinces have a high degree of endemism and contain a diverse, well-studied aquatic fauna, including fishes (Wiley & Mayden, 1985; Mayden, 1987 Mayden, , 1988 , amphibians (Routman, Wu & Templeton, 1994) and crayfishes (Crandall & Templeton, 1999) .
Cyprogenia aberti is endemic to the upper Arkansas, Ouachita, White and St Francis River Systems in Arkansas, Kansas, Oklahoma and Missouri (Fig. 1) . Although the species is still locally abundant in portions of the Ouachita and White Rivers, Obermeyer (2000) found a reduction in the overall range of C. aberti associated with habitat loss due to large impoundments. In the Arkansas River System, populations are found sporadically in the Verdigris, Spring and Fall Rivers (Kansas) and are geographically isolated from the remaining range of the species (Obermeyer et al., 1997) . In the St Francis River System in Missouri, C. aberti is extremely rare and is restricted to a small portion of the upper St Francis River (Ahlstedt & Jenkinson, 1991) . Populations from Oklahoma (including the type locality) are thought to have been extirpated (Mather, 1990) . Cyprogenia aberti is currently treated as a species of special concern by the U.S. Fish and Wildlife Service, and is listed as endangered in the state of Kansas. Recently, a recovery plan was drafted to augment extant populations and re-introduce C. aberti to areas where it has been extirpated via captive-breeding and translocation methods (Obermeyer, 2000) . This management plan stresses the timeliness of a phylogenetic study to identify the number and distribution of genetic lineages within C. aberti.
The purpose of this study is to conduct a molecular phylogenetic analysis of C. aberti populations using mitochondrial (mt) DNA sequence in an effort to determine genetic partitioning and the degree of genetic variation across the range of the species. Because populations of C. aberti within the Arkansas, Ouachita, White and St Francis River Systems have been geographically isolated from one another, they may represent independent lineages, which may have different conservation management needs and require treatment as separate units.
MATERIAL AND METHODS
Twenty-five individual specimens of Cyprogenia aberti from 13 different localities were collected across its extant range in Arkansas, Kansas and Missouri (Fig. 1 ). Individuals were labelled with a unique museum number and river location. The following river and geographic notations are used: 'White' refers to the upper White River above the confluence of the Black River, its tributaries, and the Strawberry, Current and upper St Francis Rivers of the Ozark Highlands; 'Black' refers to the Black River near the mouth of the Spring River, Arkansas (this region is part of the Bottomlands subdivision of the Mississippi Alluvial Plain); 'Arkansas' refers to the upper Arkansas River and its tributaries in Kansas; 'Ouachita' refers to the Ouachita, Caddo and Saline Rivers in the Ouachita Highlands. Rivers of the Interior Highlands include all drainages of the Ozark and Ouachita Highlands.
DNA sequencing
Genomic DNA was extracted from the C. aberti specimens and six outgroup taxa (C. stegaria, Dromus dromas, Lampsilis ornata, L. siliquiodea, Obliquaria reflexa, Ptychobranchus fasciolaris ) ( Table 1) . Animals were preserved in 95% ethanol in the field. Mantle tissue along the shell margin was used in standard phenol/chloroform extraction and ethanol precipitation (Roe & Lydeard, 1998a) to reduce the probability of nonorthologous mitotype contamination from the male gonad.
Two mitochondrial gene portions and one nuclear region were amplified in 25 ml polymerase chain reactions (PCR) using an ABI 9600 thermal cycler. A 600-base pair (bp) region of the first subunit of cytochrome oxidase c gene (CO1) was amplified using primers LCO1490 and HCO2198 (Folmer et al., 1994) or a modified HCO2198 primer (Graf & Ó Foighil, 2000) . A 700-bp region of the 5 0 -end of the first subunit of the NADH dehydrogenase gene (ND1) was amplified using primers Leu-uurF and NIJ-12073 (Serb et al., 2003) . Genes flanking ND1, which were previously unknown for unionid species, were determined from the complete mitochondrial genome sequence of Lampsilis ornata . In addition, a 600-bp region of ITS-1 was amplified for a subset of nine of the original 25 C. aberti individuals and two closely allied taxa [C. stegaria and D. dromas (Lea, 1834)] using primers from King et al. (1999) . All PCR amplifications used the following thermal cycling conditions for 34 cycles: denaturing at 948C for 40 s, annealing at 50 -578C (CO1 and ND1) or 608C (ITS-1) for 60 s, and extension at 728C for 90 s. PCR products were either gel-isolated (QIAquick gel extraction kit, QIAgen) or purified using spin filtration columns (Millipore ultra-free-mc No. UFC3 LTK00). Purified PCR products were used as template for cycle sequencing reactions with the ABI Prism Big Dye Terminator kit (Applied Biosystems). Cycle sequencing reactions were cleaned by DyeEx Spin kit (QIAgen) and resuspended in 10 ml of formamide. Sequencing reactions were visualized on an ABI 3100 automated sequencer.
Phylogenetic analyses
All DNA sequences were visually aligned and protein coding alignments were converted into amino acid sequence to check the accuracy of the nucleotide sequence in the data editor BioEdit (Hall, 1999) . Aligned sequences were analysed phylogenetically using two different methods: maximum parsimony (MP) using PAUP Ã version 4.0b10 (Swofford, 2002) and Bayesian analysis using the program MrBayes version 3.0 (Huelsenbeck & Ronquist, 2001) . Sequence data from both mitochondrial gene portions were analysed as separate data sets and in a combined analysis. The incongruence length difference test (Farris et al., 1994) was performed using the 'partition homogeneity test' in PAUP Ã to evaluate the combinability of the data sets. All MP analyses employed a heuristic search of 100 random-order additions of taxa and tree bisection-reconstruction branch swapping. Only minimum-length trees were retained and zero-length branches were collapsed. Support for the individual nodes of the resulting phylogenetic hypotheses was assessed by decay index values (Bremer, 1994) using AutoDecay version 4.0.2 (Eriksson, 1999) and bootstrap values using the FAST step-wise addition option (2000 replicates) in PAUP Ã . Outgroup taxa were chosen based on a molecular phylogeny of the tribe Lampsilini using CO1 and 16S rRNA sequence data (Roe, 1999) . Trees were rooted using the species Obliquaria reflexa.
A Bayesian analysis of the concatenated mt genes was conducted using six data partitions: first, second and third codon positions for two protein-coding genes. Four Markov Chain Monte Carlo simulations were run simultaneously using a random starting tree for 3 Â 10 6 generations to estimate the topology and posterior probability for node support. Trees were sampled every 100 generations and the number of trees discarded (burnin) was determined by plotting the log-likelihood scores of all saved trees versus generation time. Only trees with likelihood scores after stationarity was achieved were retained for inclusion in the consensus tree. Node support was determined by the frequency at which a particular clade occurred within all trees retained after the burnin. The search procedure was repeated a total of four times.
The optimal MP and Bayesian topologies were compared with alternative hypotheses using the Shimodaira-Hasegawa (SH) test (Shimodaira & Hasegawa, 1999) for significant differences in likelihood scores. These a posteriori hypotheses were constructed as backbone constraint trees in MacClade version 4.0 (Maddison & Maddison, 2000) and implemented in PAUP Ã using the 'enforce topological constraints' option to generate new topologies. The resultant phylogenetic hypotheses (MP, Bayesian and constraint topologies) were statistically compared using the SH test with bootstrap (1,000 replicates) and RELL optimization in PAUP Ã . Finally, genetic diversity was quantified. Shared mitochondrial haplotypes were identified for Cyprogenia samples and placed in a geographic context. Pairwise genetic distances were calculated across all taxa using p-distance and a model of sequence evolution estimated from the data. For each proteincoding gene, an evolutionary model was determined using the log-likelihood ratio test as implemented in Modeltest version 3.0 (Posada & Crandall, 1998) . Both evolutionary models were variations of the general time reversible model: the Tamura-Nei model (TrN þ G) with an adjustment for amongsite rate heterogeneity ( / ¼ 0.2428) for CO1, and the transversion model (TVM þ I) with a parameter for the proportion of invariant sites (I ¼ 0.5211) for ND1. Although these evolutionary models may provide a more accurate estimate of sequence divergence, inclusion of the uncorrected p-distance method was necessary so that data from this study could be compared with other unionid studies.
RESULTS

Sequence variation
The ITS-1 primer set yielded two PCR products varying in length (200 and 600 bp) in most samples, suggesting either the individuals were heteroplasmic or that the primers were not specific to the intertranscribed region. Based on the results of King et al. (1999) , the larger fragment was chosen as the target product and was gel-purified. Examination of the 560 character sequence data set for 12 individuals, including Dromus dromas, Cyprogenia stegaria and 10 C. aberti from seven localities yielded 11 variable sites when gaps were treated as 'missing' (31 variable sites when gaps were treated as a fifth base), none of which were parsimony informative. Because ITS-1 did not contain phylogenetically informative variation, it was excluded from further analyses.
Sequence alignment of the CO1 gene portion yielded 529 bp, containing 156 polymorphic sites, 94 of which were phylogenetically informative under MP. Sequence alignment of the ND1 gene portion resulted in a data matrix of 597 bp, containing 236 polymorphic sites, 164 of which were phylogenetically informative. The ND1 sequence data set is missing five of the 25 C. aberti individuals for which CO1 sequences are available due to difficulties with PCR amplification (Table 1 ). The partition homogeneity test (excluding five specimens without complete data) found the two mt gene portions to be combinable (P ¼ 0.05). Although there has been considerable debate on the usefulness or appropriateness of the homogeneity test (Yoder, Irwin & Payseur, 2001; Dowton & Austin, 2002) , recovery of similar topologies from separate CO1 and ND1 analyses support the combinability of these data sets. The combined mitochondrial data set contained 1126 characters with 258 parsimony informative sites for 27 taxa.
Phylogenetic analyses
In all phylogenetic analyses, Cyprogenia was divided into two well-supported clades (A and B) with branch support ranging between 98 and 100%. Within these two major clades, C. aberti individuals were distributed among five geographically defined clades (.90% branch support): Black (plus C. stegaria ), Arkansas, White and two Ouachita groups (I and II). Differences among these analyses are described below.
Three separate MP analyses were conducted on CO1, ND1 or combined mt sequence data. The MP analysis of the CO1 data resulted in four equally most parsimonious trees (MPTs) of 263 steps. None of these trees supported the monophyly of C. aberti, due to placement of C. stegaria and D. dromus (Fig. 2) . In general, individuals of C. aberti formed clades reflecting river systems, although sympatric individuals from the Ouachita River and its tributaries were segregated into two nonsister clades (groups I and II). The MP analysis of the ND1 data resulted in eight MPTs of 441 steps (not shown). A strict consensus of these eight MPTs is similar to the CO1 strict consensus topology, but places the Eastern Highlands species D. dromas as the sister group to the entire genus Cyprogenia (98% bootstrap and a decay index of 7). The strict consensus for the combined MP analysis (MPT ¼ 32; TL ¼ 711; Fig. 3 ) was similar to the CO1 topology in regard to relationships within Cyprogenia and the placement of D. dromas.
Bayesian analysis of the combined mt genes recovered a consensus tree similar to the MP analysis. Stationarity was achieved after 650,000 generations, and 8,500 trees were discarded as burnin. The consensus tree was based on the remaining 21,500 trees and is illustrated in Figure 4 (2ln L ¼ 4681.222). Only one node of the Bayesian consensus tree differed from the three MP topologies: the Ouachita group I clade was the sister group to the Black River/stegaria clade, not to the (Arkansas þ Black River/stegaria ) clade (86 posterior probability). The placement of D. dromas was the same as in the CO1 and combined MP topologies (84 posterior probability), and rendered the genus Cyprogenia nonmonophyletic.
Topologies among the three mitochondrial data sets varied with respect to (1) the relationships among the Black/stegaria, Arkansas and Ouachita group I clades and (2) the placement of D. dromas. No analysis recovered C. aberti as a natural group due to the placement of C. stegaria within the Black River C. aberti clade. Only in the ND1 MP analysis was the genus Cyprogenia monophyletic. All other analyses placed D. dromas within Cyprogenia. Among C. aberti localities, clades generally reflected drainage patterns with the exception of the Ouachita River specimens (Figs 2 -4) . Individuals from each of three localities in the Ouachita System were distributed between two disparate well-supported clades: group I (in Clade A) consisted only of Ouachita River System localities, while group II (in Clade B) also included two individuals from the White River Drainage.
SH test
Using the SH test, topologies recovered from MP and Bayesian analyses of the three mitochondrial data sets were compared with alternative topologies produced by MP or by constraining the monophyly of the genus Cyprogenia, the species C. aberti, or Ouachita River System. When monophyly was enforced for the species C. aberti or individuals from the Ouachita River Drainage, the likelihood score was significantly worse (P , 0.001) than topologies recovered from either the ND1 or combined data sets (Table 2 ). In contrast, changes in the phylogenetic placement of D. dromas or alteration of the relationships among the Black River/stegaria, Arkansas and Ouachita River group I clades as recovered in the MP ND1 and combined strict consensus trees and the Bayesian majority-rule topology were not significantly different and could not be rejected (Table 2 ).
Haplotype and p-distance comparisons
Shared mitochondrial haplotypes were identified among the Cyprogenia samples. Because there were no shared haplotypes when the gene portions were concatenated, CO1 and ND1 haplotypes were compared separately. In total, there were five shared and 13 unique CO1 haplotypes across Cyprogenia (n ¼ 27). There were four shared CO1 haplotypes in C. aberti: haplotype A occurred in two tributaries of the White River and the St Francis River; haplotype B was shared among four of the five individuals sampled from the upper Arkansas River; haplotype C was shared among two of the five members of Ouachita group I; and haplotype D was shared among three of the five samples of Ouachita group II. A single Cyprogenia CO1 haplotype (E) was shared between a Black River C. aberti and a C. stegaria from the Clinch River, Tennessee. In contrast, the ND1 gene sequence had more unique haplotypes (18 unique haplotypes out of 22 Cyprogenia samples), which may be an indication of a faster rate of molecular evolution in this gene. Only one ND1 haplotype (a) was shared among some members of the Ouachita group II. The geographic distribution of the shared haplotypes is presented in Figure 1 and listed in Table 1 .
Genetic distances were calculated for all major Cyprogenia clades recovered from phylogenetic analyses (Table 3) . Within the five river clades (Black/stegaria, Arkansas, White, Ouachita group I and Ouachita group II), the average genetic distance was under 0.7% (0.076-0.613%) for CO1 and was slightly greater (0.068 -0.885%) for ND1 sequence data. However, the greatest genetic variation occurred when comparing sequences between the two Ouachita groups. Uncorrected p-distance values across all Ouachita River individuals ranged from 0 to 8.9% (average 8.61%) when comparing CO1 sequences, and 0-13.74% (average 13.33%) with the ND1 gene portion. Genetic divergence was highest (8.51 -8.90% for CO1 and 13.07-13.74% for ND1) between sympatric individuals (e.g. Ouachita 2377 vs. Ouachita 2378 at Ouachita River, Montgomery Co.) of the Ouachita System.
DISCUSSION
In general, mitochondrial genetic distances of C. aberti within drainages were low, averaging less than 1% sequence divergence (Table 3) . These values are similar to those in other unionid studies that used the same portion of CO1: Roe & Lydeard (1998a) recovered 2.62% uncorrected p-distance values within Potamilus species, whereas King et al. (1999) reported values among Lasmigona subviridis populations that were even lower (0.17-0.35%). The exception to this pattern of low withindrainage genetic distance is found among sympatric individuals of the Ouachita Drainage. Genetic distances there are surprisingly high (uncorrected p-distances: 8.51 -8.90% for CO1 and 13.07 -13.74% for ND1), and are more typical of interspecific values in other unionids (13.09% Roe & Lydeard, 1998a; 3.65 -15.35% Serb et al., 2003) . The distinctiveness of these lineages is further supported by their presence in two separate, well-supported phylogenetic clades (groups I and II). By taking a phylogenetic approach, including appropriate outgroups, and not assuming the monophyly of the ingroup, these independent evolutionary lineages in the Ouachita were easily recognized, but may not have been as apparent using population genetic methods.
The goal of this study was to assess genetic variation within what has been recognized as a single species, C. aberti. As such, it was expected that the populations of C. aberti would form a single monophyletic group, display genetic partitioning congruent with drainage patterns and have low genetic variation. Instead, the nonmonophyly of C. aberti, the unusual phylogenetic partitioning and the high degree of genetic variation recovered between sympatric individuals require a more complex explanation. Several different scenarios have the potential to explain these results: a single large species, a role-reversal of sexual mitotypes or cryptic biological diversity. One scenario is that C. aberti is actually part of a single large species that includes congeneric C. stegaria, and perhaps D. dromas, and that the genetic variation observed in this study is population structure and polymorphisms. Validation of the 'single species' hypothesis first requires elucidation of mechanisms or biological processes that can explain both allopatric and sympatric partitioning of molecular and biogeographic diversity within this entity. Then the 'single species' hypothesis must either ignore or account for the biological differences among C. aberti, C. stegaria and D. dromas. For example, a valuable character for generic assignment in the Unionidae is the shape and position of the marsupial demibranches (e.g. Ortmann, 1912; Roe & Hartfield, 2005) . In Cyprogenia, the marsupium is formed by an external membrane attached to the base of the inner lamina of the middle portion of the outer gill (Jones & Neves, 2002) , while Dromus uses the complete outer gill (Jones & Neves, 2004) . The marsupium of Cyprogenia lengthens in gravid individuals, greatly extending beyond the gill edge and spiralling backward towards the visceral mass. In contrast, the marsupium of Dromus protrudes out from the gill as a square pad and, in some older individuals, may form longitudinal folds (Ortmann, 1912) . Other differences among C. aberti, C. stegaria and D. dromas include shell, glochidium and conglutinate lure morphology, as well as fish-host preference (Call, 1885 (Call, , 1887 Ortmann, 1912; Chamberlain, 1934; Hoggarth, 1999; Jones & Neves, 2002 , 2004 . Therefore, there is little support for the 'single species' hypothesis.
Another scenario is that the gene tree based on mitochondrial sequence data does not reflect the true species tree. Typically, incongruence between gene trees and species trees occurs when the time between the speciation events is short, resulting in incomplete lineage sorting of ancestral polymorphisms (Nei, 1987) . This does not appear to be the case in C. aberti, as the genetic differences between clades and sympatric individuals are large. Yet, incongruence between the gene tree and species tree may still be a factor if nonhomologous mitochondrial genes were compared phylogenetically. Unionids possess two different mt genomes (mitotypes) that are associated with gender (Hoeh et al., 1996; Liu, Mitton & Wu, 1996b; Hoeh et al., 1997) . These sexual mitotypes remain separate lineages via doubly uniparental inheritance (DUI) (Zouros et al., 1992; Figure 4 . Majority-rule tree from Bayesian analysis of the combined (CO1 þ ND1) data set (2ln L ¼ 4,681.222). Numbers above the branches are the posterior probability support for those nodes. Taxon and branch labels as in Figure 2 . Skibinski, Gallacher & Beynon, 1994; Zouros et al., 1994) , which usually results in homoplasmic females (F-mitotype only) and heteroplasmic males (F-and M-mitotypes). However, deviation from this model has been detected in both natural populations and laboratory crosses of Mytilus (Mytilidae): heteroplasmic females with the M-mitotype were present in the gonads (Garrido-Ramos et al., 1998) and homoplasmic males with only the M-mitotype (Stewart et al., 1995) or F-mitotype (Zouros et al., 1994) . This suggests that there is opportunity for DUI infidelity during mitotype transmission from parent to offspring. The consequence is a role-reversal of the sexual mitotypes by either masculization of the F-mitotype (M f ) or the feminization of the M-mitotype (F m ) (as described by Hoeh et al., 1997) . A comparison of F-mitotypes after such an event would result in conspicuously high sequence divergence since the comparison would be between nonorthologous genes (F vs F m ) and would confound the reconstruction of evolutionary history (see Hoeh et al., 1996; . Although evidence for rolereversal events in Unionidae has not yet been observed (Hoeh et al., 1996; Curole & Kocher, 2002; Hoeh, Stewart & Guttman, 2002) , this may be an artifact of the dearth of large population-level studies on unionid species using molecular techniques that are sensitive to sexual mitotype variation.
Infidelity of sexual mitotype transmission may explain the high levels of genetic variation recovered in the Ouachita River samples. If a M-mitotype has been feminized within Ouachita River C. aberti (F m ), it may be co-existing with the 'old' F-mitotype. No assortative mating is necessary to maintain the two lineages as the maternal mitotype lines (F and F m ) are uniparental and do not recombine (but see Ladoukakis & Zouros, 2001; Burzynski et al., 2003) . Individuals from populations containing this polymorphism would form distinct clades in a phylogenetic analysis and display a greater than expected genetic divergence. The genetic divergence recovered between Ouachita groups I and II (Table 3) is well within the range of that seen between F-and M-mitotypes (Hoeh et al., 1996; Liu et al., 1996b; Quesada, Skibinski & Skibinski, 1996) .
To determine if role-reversal of mitotypes is a factor in the Ouachita System will require comparing the M-and the F-mitotypes in C. aberti.
A third scenario is that C. aberti contains cryptic biological diversity: distinct lineages (species) of unionid mussels on separate evolutionary trajectories. This hypothesis rests on two aspects of the results, the significance of nonmonophyly and genetically distinct sympatric lineages. Monophyletic groups are biologically important as they represent natural groups that share a particular suite of ecological or evolutionary traits. Therefore, a nonmonophyletic C. aberti suggests that some lineages may possess traits that differ from others, and these lineages may represent unrecognized biological diversity. This pattern sets up a testable prediction: character suites will vary between genetically independent natural groups. Future work on life history or ecology of C. aberti should target these natural groups to test this prediction.
The most surprising relationship recovered from the molecular analysis -high genetic differentiation between two sympatric lineages from the Ouachita and Caddo Rivers (group I vs II) -also supports the cryptic diversity hypothesis. Typically, high genetic differentiation between clades suggests a reduction in gene flow, as expected between geographically isolated populations in different river drainages. It becomes very unlikely for animals to segregate into two nonsister clades within a single locality or drainage under a random mating regime. Yet, this appears to be the scenario in the Ouachita System, if C. aberti is treated as a single species. A more probable situation is if two distinct noninterbreeding entities (species) occur sympatrically and syntopically in the Ouachita System with intrinsic reproductive barriers. These two inferences, nonmonophyly and sympatric clades, support the recognition of at least two (A vs B; Fig. 2 ) or as many as five lineages within C. aberti.
Conservation implications
Many recovery plans for freshwater unionids include translocation or population augmentation, with the immediate goal of increasing the number of individuals within a population and the ultimate goal of preserving or increasing the amount of genetic variation within a population. For species with declining populations, like C. aberti, identifying phylogenetic lineages and genetic diversity are important steps for success in these conservation management efforts. The data presented here show that C. aberti is not a genetically homogeneous species. Rather, C. aberti consists of several genetically distinct evolutionary lineages. Based on the high genetic variation and the number of unique haplotypes, it is recommended that C. aberti from the Arkansas, Black and White drainages be managed as separate units for conservation (e.g. Moritz, 1994) . This being the case, it can be generally recommended that source and recipient populations for relocation or propagation of C. aberti be restricted to a single drainage to reduce the probability of outbreeding depression or loss of co-adaptive gene complexes involved in life history traits. Conservation management plans for the Ouachita System will be more complicated, because Ouachita populations contain two distantly related and genetically distinct lineages (groups I and II). For management plans within this drainage, it will be necessary to identify lineage membership of individuals from both the source and recipient populations so that a genetic match can be made.
The results of this study stress the importance of accurately assessing biological diversity so that biologically sound conservation practices can be implemented. Without the use of molecular data, it would have been difficult to identify the diversity within the morphologically conserved C. aberti. Yet, despite the evidence for the separate evolutionary entities within 'C. aberti,' other independent data are needed to support the designation of multiple species, such as life history traits. In the meantime, recognition of this genetic diversity will be critical to the success of conservation management plans that include translocation or population augmentation of C. aberti. Indeed, these results may also influence the conservation management plans of the federally endangered congener C. stegaria, as its close phylogenetic affinity with Black River C. aberti may affect its federal status as well as the status of the Black River population of C. aberti. The complexity of these results -a high degree of genetic diversity and the presence of cryptic diversity within C. aberti -illustrates the importance of gathering genetic data on geographically widespread taxa before populations are extirpated and hidden variation is lost.
